
PATENT SPECIFICATION 

NO DRAWINGS 1.013.577 
Date of Application and filing Cornplett SpeclpcaUon: May 9, 1963, 
No, 18452/63. 

Appllca^on made In Germany (No. B672I2 IVd/l2p) on May II, 1962, 
Complete Specification Published: Dec. 15, 1965. 
© Cr&wn Copyright 1965, 



lEdex at acceptance:— 03 H(l, 2) ; A5 B2J 
Int. 01.:— C 07 g// A 61k 

COMPLETE SPECIFICATION 

A process for the Modification of Proteins 

We, Biotest-Serum-Institut Gjvi.b.IL, a German Body Corpoiate of 4, 
Flughafenstrasse, Frankfurt/Mam, Gennany^ do herd>y declare tfce invendon, for 
which we pray that a patent may be gramed to us, and iftic method by -wihich it is to 
-^e^peT¥omiedj,-'to-be-.par^>^^ 
5 This dnvemibn relates to a method of producing modified jMOtein preparations 

for use more particularly as blood plasma substitutes. 

In cases o£f heavy bleeding or shock, for example after •acddents, it is very im- 
portant a:o replenish the patient's circulation by idie supply of solutions Iraving the same 
osmotic pressure as blood piasma. Solutions of gum arable or non-modified gelatin 
were oit^inaily used for this purpose, but iChey 'have a number of undesirable side 
effects. The introduction of polyvinyl' pyrrolidone and dextran preparations was an 
advance, but no decisive advantages were obtained^ until use was made of modified 
gelatin solutions w4ios^ physical properties had been modified by chamcal reactions. 

All these modifications were provided' in order to give blood plaana substitutes 
adapted to satisfy the many requiremiciits made of them. For these products no be of 
use clinicaMy, they must also maintain the osmotic pressure in addition .to simply re- 
plenisiiing i!he circulation. With regard to the physical properties of the products, their 
molecular weiglfts must be ihigji enough to guarantee adequate retention time in the 
circulation, and the preparations have to be liquid down to low temperatures, stable 
over a wide temperature rai^ and during storage, and readily steriiKable. The sub- 
stitute must be neither pyrogenic nor antigenic and must be neither acuteiCy nor 
chronically toxic to the tissue, i.e., it should be separated or assimilated without pro- 
dudng any organic distuibances and should not be deposited. In addition, reproducible 
and inexpensive manufacture of the preparations must toe possible in any quantities. In 
the attempt to satisfy these requirements m prior methods, gelatin in the form of 
aqueous solutions was decomposed either by camolled heating or by rhpsmftrai or 
enzymatic treataaent, and was then re-condcnscd with alddiydes or polycaiboxylc 
add anhydrides or the CMtesponding chlorides. Methods are also known wherein the 
gelatin is fast cros s-li nked w ith aldehydes, dialdeh ydes, d iisocyanates , q uinones, and the 
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like, and then partially oxidised with hydrogen peroxide. The antmipt has ateo been 
made to prepare statabk; poxaducts by blo<±ing .the gelatin molecules or the reaction 
products thereof at the amino groups, thus lowering the iso-dectric point and raising the 
osmotic pressure. 

lihese ptFOcesses have a number of disadvantages. For example in some of the 
stejs the leactkm was unspedfic and hence difiBcult to control and reproduce. The 
resultant solictions were also very heterogeneous and in some cases the solutions tised- 
were conftra-indicatEd for certain disorders, for exaniple nephrotic Mnesses. Chemicals 
whidi are incorporated as bridge links were used practically without exception and 
the exscess reagent had to be destroyed or separated from the 
protein by predpitatbn and reprecipitation. It as necessaiy, there- 
fore, tx> overcome the above xlisadvantages and satisfy require- 
mentB by so controliling tte cross-linking of the protems, for example (the filamentary 
gelatin molecules, so ihat new cross^Hnking peptide bonds are formed b^een th^ 
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fiiamentary molecules without the addition of bridging links^ and. then decomposmg 
the xesnlftaut macromolfecule at the oiiginal peptide linkages by enzymatic or chemical 
means to the required extent. In this way tbe hig^dy viscous and readily gelatinising 
fiJamentaiy molecules give spherical molecules low viscosity but rdadvely high 
5 molecular weight their aqueous solutions remaining Hquid over a wide temperature 5 

range. 

To this end, according m the invention, free carboryl groups of the protein 
mol<e£:ule are first reacted in manner known per se with tlhe amino groups thereof, iV., 
direcdy by forming new cross-'linifcing peptiide linkages, without the interposition of other 
10 groups, and then preferentiaily some of the original peptide bonds of die profCiia 10 

molecule are split. In a pr^erred procedure, .the free carfsoxyl groups of the protein 
ate caused to react with the amino groups thereof by activation in manner known per 
se, or conversely, the amino groups are activated to bring about the same reaction. 

The free carbo3cyl groups of the protein can be activated with carbodiimidines, 
15 preferably with NjN^-^Ssubsrimted carbodiimides and with nitrogen analogues of 15 

ketenes. tDicydohexyl and cyclohexylmoiphollinyl ethyl carbodinnide may vc given as 
examples of carbodiimides. 

The free carboxyl groups, i.e, including the lateral carboxyl groups of gltrtamic 
and aspartcc acid may be activated similarly to the Sheehen and Hess method known 
20 in peptide syntfoesis l(Sheehen, J. 'C, Hess, G. F., Journal of the American Chemical 20 
S odety 77, 1067 ICl'9^55)}. 

The activated caAoxyl groups can thereupon be reacted under mild conditions 
with primary amino groups in die protein molecuites for example with the N-terminal 
cc- and the -lateral e-amino groups of lysine and hydroxylysine. 
25 la OMrtrast to most other methods whidi can be used for activation of the 25 

carboxyl or amino group or amino acids, the reaction with carbodiiniide takes place 
at room temperaiture or slightly elevated temperature. It is {relatively insensitive to 
moisture, so tiiat it can also be carried out in aqueous solution. It is also very seliective, 
so that acyl hydroxyamEno adds and acyi aiginine can be reacted wrtfiout an additional' 
30 protective group and rtiiere is no danger of any appred-^k; lajoemisation. 30 

The reaction is probably as shown by the following diagram : 
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NiN^-disubstituted carbodiimide (II) is added .to the carboxyl component (I) 
witii itihe fonnation of O-acyl-dsourea (III), which is readily transposed by acyl migra- 
35 tion to- a N-acyl-ureide iCIV), which reacts with an amino componeat (|V) to form 35 
the add amide or peptide (VI) and NJ^iP-disubstittEted urea i[yil). The additi<Mi of 
the amino ccmponent XS) to the O-acyl-isourea (HI) with .the fonnation of i^VI) and 
^[WI) as a further possrrbflity. 

The urea derivative formed from carbodiimide is usually difficultiy soluble or 
40 insolubk: so that dt can be r^oved by ordinary filtration. 40 

The resultant product is then decompo^ by preferential flitting of some of the 
cffiginal peptide bonds of the proitein molecule. The decomposition may be carried out 
enzymatically for example. It can dso be carried out by the action of heat or chenaicaily 
or by a oonSjinarion of both steps. The cShaaiical decomposition may be adhieved 1^ 
45 means of an add (hydrolysis. 45 

Thus in one exemplified embodiment of the metiiod accordii^ to the invention, 
a 5—10% gelatin sohSion or some other suitable protein s oluticm e.g. g^obin de - 
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composmon products, albinnen or ^obuMn decx)mp ositioii products or casein decern- 

iposrtion products — which may aliTeady~be .partially decomposed; — may "be reacted 
at a pH of irom 3 to € and at from 40 to 80°<C with an N,N^-distd>saiiTuted caibo- 
diimide to form a hi^y viscous cross-linked product and then split at a pH of from 
5 7 to 8 and at from 30 to '40°C by treatment with a tryptic enzyine wfhich is known to 5 

split peptide linkages apedficaOy at the carboxyl side of ar^inine and lysine rsidues 
only provided the basic groups of tfae side chains of these residues are in a free state. 
The degree, of decomposi'Cion can be varied as desired by appropriate selection of the 
incubation liiine and the type and quantity of en23me and the enzymatic action can 
10 be stopped by ilhe addition otf diasylol, a physiological padutin dnihibitor. Alter filtration 10 
to remove the precipitated urea derivative and sterilisation the solutions are ready for 
use. Depending on the purpose (for wMch the product is intended, the leaction may be 
carried out in water or physiological common salt sohition or else the peptides of low 
molecular weigjht can be separated by daalysfe or therapeutically valtrablte substances 
15 may be added before sterilisation. 15 
The m^edhod according to the invention has rthe advantage that inter- and intra- 
molecular cross-linking peptide bonds are formed between the free carboxyl groups and 
amino ;gTOups an the prottein molecules, preferably gelatin, under 'mild conditions, by 
completely specifi.c activation, and this, inter alia, distinguishes it from all previously 
known methods. The modified protein preparations obtained according fto the invention 20 
contain- no-foreign-liiiking-eIements-of-any-kind-and-dieT£f ore-have-^ 
physiolqgical properties. The method according to tlhe invention also has the ad^^tage 
that die decomposition of the cross-Hnked products ax±ieved as well by specific 
enzymatic as by less specific dhemical means^ e.g. by partial' acid hydrolysis gives 
25 spl^ical molecules of low viscosity but relatively figh molecular weight, lihe solutions 25 

of such molecules being Hquid over a wide temperature range and having a sufficieniiy 
long retention time in ihe carculatory sysiism. 

Another advantage of the method is that the ratio of the proportions of irigh 
mtdecular weigjit to those of low molecular weight in the reaction product can be 
30 varied by appropriate selection of ilhe reaction conditions during cross-iinldng and 30 
decomposition. The method also has the advantage that apart from the activation 
reagent which is removed at the end of the reaction no othsr chemicals are used! and 
Wliich makes it necessary to purify the reacted protdns by precipitation and' repre- 
cipitation. The reaction product of fthe activaftion substance can reat^y be removed, for 
35 example by filtration, owing to its ddflScuhy soluble nature. 35 
Another advantage of the met&od is tSiat thra; ruction can be carried out in water 
or physiolo^cal common sak solution depending upon the requiied purpose e.g. when 
converting long-active products into spherical products of similar molecular weight and 
the addition of therapeutically valuable substance does not impair i3ie stabiKty of the 
40 solutions. 

Hie following examples illtistrate the inventicHi : 
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(Example I 

1 litre of a 7.5% gekdne solution in 0.9|% sodium chloride is adjusted to pH 
4.5. A soluticm of 7.5 g of N,N^-dicyck>hexy3! caibocfiimide in 100 c.c, of ^solute 

45 ctignol is add ed over a period of from 5 to 10 minutes at 60°C, wSth agitetion- 45 

To obtain a homogeneoiis Eig^y viscous reaction produa^350 c.c. of"0:9i% 

sodium chloride solution is added for dflution over (the next BO to 40 minutes. 

After one hoar, counting from the fasgmning of the reaction, the solution is cooled 
to 37°C, die pH is brought up to 7.5 with N— NaQH sohition, and 6 mg of trypsin 
50 dissolved in 10 c.c. olf physiological common sak solution wrdi the addition of a few 
drops of N— HO, are added to the solution. After another 20 minutes the enzymatic 
decomposition is stopped the additim of lO c.c. of trasylol' and the solution is made 
isotomc by iSie addition of 1.4 g of soEd sodium chloride and possibly other saks. The 
protein concentration is 5)%. It is separated from the predpfeated unea derivative by 
55 filtration and sterilised at 1I2K>°'C. 55 

flEXAMPLE 2 

*800 cxx of water are added to 50 g of gdalin having an iso-electric point of about 
pH 5, the mixture is allowed to swell and the getoin to dhsolve at 40°C. 5 g of NJ^P- 
dicyckJhexylcaibodiimide dissolved !in 50 c.c of absoiCure edianol arc added in drops 
oO widx agitation and agitatfon is coimnued for another hour. 50 
The pK is adjusted ttx> frwi 7 to ? and the mixture i$ decomposed fcr 20 mmutes 
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witii nypsiiL The fneactioii 5s stopped by the additioa of trasyioL The urea derivative is 
filtered off and tihc filtrate is made up to 1 Etre with water. The solution is made 
isotonic by the additioa of sodium dhlotide and sterilised. 

Example 3 

5 60 ^ of gdatin having an isoelectric point of about pH 5 is allowed to swell in 

800 C.C of water and is jdissolved at :40°'Q 'Hie pH valtie of lihe solution is set to 7.5. 
The gelatin is decobiposed for ten minutes with 4 mg of trypsin. The pH value is 
•then: adjusted 1» 4/5 and the solution is cross-linked with «6 g of caiibodiinHde dis- 
solved in 80 cxT: of absolute ethanol;» with agitation. 

10 jMter ilhree houis the cpJL is le-adjusted to 7.5 and the reaction mixture de- 

composed for 10 minutes wi^ 4 mg of trypsin.. AShsar the addition of '8 c.c of trasylol 
the solution lis filteied, made up to one litre, made isotonic, and stetilfeed, 

Es:amfle 4 

40 g of ion-exdhanged bone gelatin is allowed to sweliE in ^00 cxr, of sterilised 
15 water with a^taiion at from 50 ito 60°Q dissolved, and brougSht to pH 4 with HQ. 

At a bach temperature of 100° and with agitation, heating is tontinued until die viscosity 
has dropped by about one-diird. The tempeBature is then reduced to from 70 to 75*^C 
and a solution of 2 g of dicydohexyl carbodiimide in 100 c.c. of non-denatured ethanol 
is added within a period of 20 — 30 mintftes with agtiation and agitation is continued 
20 until the viscosity is approximately doubled. The itemperature is ithen again brought to 

100*^ and decomposition continues until ifce viscosity has again reached the value of 
the ori^nal solutian. 

Ihc imxture is fiTtered fr<Hn the majoocity of itte used acrivaitor, 9 g of NaQ are 
added to the solution she pH is adjusted to 7J2 — ^7.4 with K — NaOH solution and 
25 ma<fe up to 11 litie. 

IThe finished solution is filtered and packed under sterile <x)ndfrions and sterilisea 
for 3 0 mi nutes at l^QQC 

WHAT WE CLAIM. IS: — 

1', A method of produdng modified proteins particularly for use as blood 
30 i^asma substitcEtes, wherein free carboxyl groups of the protein molecule are first 

reacted by forming inter- and intramoIe^niLar cross-linking pepftide linkages with the. 
amino groups thexaaf and rthen preferentiailly some of the original peptide bonds of the 
protein moIeaTle are split. 

2. A method as clafmed in daim 1, wherein the free caibo^^l groups of the 
35 protean are reacted with the amino groups thereof by means of activating the functional * 

groups. 

3. A method as claimed in claim 1 or daim 2, wherein the free carboxyl groups 
of the protein are activated by treatment with carbodiimides, preferd>ly N,N^-disii>- 
stitoted caIbodmnid^es. 

40 4. A method as claimed in diaim 1 or dann 2, wherein .the original peptide 

bonds ane split enzymaticaMy. 

5. A method as claimed in daim 1 or daim 2, wherein the original peptide bonds 
are spSt by the action of heat and/or diemical decomposition, more particularly add 
hydrolysis. 

45 A mediod as daimed in any of the preceding dahns, wherein gelatin is used 

as protein, 

7. A method of producing modified proceins substantially as described herein 
with {reference to the foregoing examfdes. 

"S. Modifiedproteaiiswheneverpreparedby the process <tfdaimsl to 7. 

MCKItEST-SiERUM-msrinTUT 

Per: fiotdt. Wade & Tennant, 
1(11/1112 Hatton Garden, London, (E.Ol, 
Chartered Patent Agents. 
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